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Elements of Static Strength 


of the cylinder be constrained in the z direction but otherwise free. If we now cut 
a slice from the cylinder defined by two planes z = constant and if we invoke the 
appropriate boundary conditions, the basic stress relationship describing the state 
of plane strain becomes 

S x = u(S x + S 9 ) (4.18) 

The foregoing expression simply states that the stress along the z direction depends 
on x and y only and therefore it must also act at the cylinder ends. When in practice 
such end effects are often neglected the theory must be regarded as approximate 
at best. The plane stress theory is used in the studies of elasticity, inertial fields, 
gravity, and other areas where a two-dimensional stress element and the equations 
of equilibrium are required. In the case of brittle fracture of ductile materials the 
conditions of plane strain constraint are often involved. For instance, the local 
deformation prior to fracture under plane strain response is smaller than that for 
the plane stress. 


SYMBOLS 

A Cross-sectional area, in. 2 (mm 2 ) 

E Modulus of elasticity, psi (N/mm 2 ) 

G Modulus of rigidity, psi (N/mm 2 ) 

S General symbol for stress, psi (N/mm 2 ) 

S' Stress component on an inclined plane, psi (N/mm 2 ) 
S n Normal stress, psi (N/mm 2 ) 

Sj Maximum principal stress, psi (N/mm 2 ) 

S 2 Minimum principal stress, psi (N/mm 2 ) 

S x Stress in direction of x axis, psi (N/mm 2 ) 

S y Stress in direction of y axis, psi (N/mm 2 ) 

S z Stress along 2 axis, psi (N/mm 2 ) 

W Concentrated load, lb (N) 

x Coordinate axis, in. (mm) 

y Coordinate axis, in. (mm) 

Shearing strain in two dimensions 
e 1 ,e 2 Principal strains, in./in. (mm/mm) 

e x Strain in direction of x axis, in./in. (mm/mm) 

e y Strain in direction of y axis, in./in. (mm/mm) 

0 Angle at which stress plane is inclined, rad 
u Poisson’s ratio 

r General symbol for shear stress, psi (N/mm 2 ) 

r xy Shear stress in two dimensions, psi (N/mm 2 ) 
r max Maximum shear stress, psi (N/mm 2 ) 



